Analyse syntaxique non déterministe utilisant un modèle de n-grams by Sinoquet, Christine & Nicolas, Jacques
Analyse syntaxique non de´terministe utilisant un mode`le
de n-grams
Christine Sinoquet, Jacques Nicolas
To cite this version:
Christine Sinoquet, Jacques Nicolas. Analyse syntaxique non de´terministe utilisant un mode`le
de n-grams. [Rapport de recherche] RR-3262, INRIA. 1997. <inria-00073427>
HAL Id: inria-00073427
https://hal.inria.fr/inria-00073427
Submitted on 24 May 2006
HAL is a multi-disciplinary open access
archive for the deposit and dissemination of sci-
entific research documents, whether they are pub-
lished or not. The documents may come from
teaching and research institutions in France or
abroad, or from public or private research centers.
L’archive ouverte pluridisciplinaire HAL, est
destine´e au de´poˆt et a` la diffusion de documents
scientifiques de niveau recherche, publie´s ou non,
e´manant des e´tablissements d’enseignement et de









ap por t  

de  r ech er ch e 
INSTITUT NATIONAL DE RECHERCHE EN INFORMATIQUE ET EN AUTOMATIQUE
Analyse syntaxique non de´terministe
utilisant un mode`le de n-grams












































Unite´ de recherche INRIA Rennes
IRISA, Campus universitaire de Beaulieu, 35042 RENNES Cedex (France)
Te´le´phone : 02 99 84 71 00 - International : +33 2 99 84 71 00
Te´le´copie : 02 99 84 71 71 - International : +33 2 99 84 71 71
 ±
*,ﬁﬃ! 1" $	 	%/ Ãﬃ ﬀ
		





































	ﬁﬀﬃﬂ !"#$%&	!' (%&	) *#+ﬀﬂ ,&-ﬂ './"0#1	
U
2





































































j\Õ N\^]`kKh,_$Zbadc`X\[T}iT$\bjbT \\-\\\-\\-\\'\-\\\-\\-\\\-\'\\-\\-\\\-\\-\\'\ 3
j\| ~tkÛmfihG]lZa»c`X k,T_¢]`_dhic`\baZbO,SJTuv,\[m$_mkÛT$X@Z_Ä]±vÛ\[cHkKhR_$Za»c`X k,Tjc`XRk,T$jxXnhR__»m$a&fihRTj 3
j\¢U op\[m$jbT$X@Z[]lZbadc`X{kÛT'_]nv,vj_dad_3]lZa»c`X\\-\\'\-\\\-\\-\\\-\'\\-\\-\\\-\\-\\'\ 7}
j\¢UK\Õ cmXRm$\[]lZ[Th,\Ì]`h,Z[clS%]lZagfihRTkÛTZ[]l~j_dTj!khRj[]lhiT \-\'\\-\\-\\\-\\-\\'\ 
j\¢UK\| cmXRm$\[]lZ[Th,\xk]nXG]`_&kHjT7h,\bjÌ]ljbjbcH_$admj/k,Tjxh`\[]lSJS
]la\[Tja bdc \-\\-\\'\ 
e















































 Pc`SvG]l\[]la»jc`X k,TjﬀkÛa»jrZb\ba~jh,Za»c`XRjyv,\bmkÛaZ[TT$Zﬀc`~RjT$\ }`mTlg1vG]l\ﬀ_cHk,c`Xgvwch,\J

jbm7fihRT$XR_$Tjv,\bc`Z[magfihRTj
k,T _dc`XRhhRTh,\  <v,\bmkÛad_$Za»c`X hh,a»kÛmT vR]l\%_$c`X@Z[TmHZbTN_»cle
_3]_!^#s|0 \-\\'\-\\-\\\-\\-\\'\-\\\-\\-\\\-\'\\-\\-\\\-\\-\\'\ ,
 Pc`SvG]l\[]la»jc`X k,TjﬀkÛa»jrZb\ba~jh,Za»c`XRjyv,\bmkÛaZ[TT$Zﬀc`~RjT$\ }`mTlg1vG]l\ﬀ_cHk,c`Xgvwch,\J

jbm7fihRT$XR_$Tjv,\bc`Z[magfihRTj
k,T _dc`XRhhRTh,\%` <v,\bmkÛad_$Za»c`X hh,a»kÛmT vR]l\%_$c`X@Z[TmHZbTN_»cle
_3]_!^#s|0 \-\\'\-\\-\\\-\\-\\'\-\\\-\\-\\\-\'\\-\\-\\\-\\-\\'\ @|
} Pc`SvG]l\[]la»jc`X k,TjﬀkÛa»jrZb\ba~jh,Za»c`XRjyv,\bmkÛaZ[TT$Zﬀc`~RjT$\ }`mTlg1vG]l\ﬀ_cHk,c`Xgvwch,\J

jbm7fihRT$XR_$Tjv,\bc`Z[magfihRTj















































 N]l~j_»Tykﬁ hRjb]`hiTk,T$jÌjTmHZ h,vK_»T$Zbjxvwch,\ _»]±Zb\[]`kKhR_Zba»clX kÛTjujbch,jreYSJc`ZbjxW r T$Zdr \'\ |
| PcHk,Thim$XRmZba&fnh,Tvwch,\
	 	" 



























e ZtT$jb_$\adv,Za»c`X k,T$jujbmfihRTXR_T$jtv,\bc`Z[magfihRTj \\\-\\-\\\-\'\\-\\-\\\-\\-\\'\ UÛ
 ZtT$jb_$\adv,Za»c`X¹k,T$j{_cHk,c`X,j  -\LT v,\[m ﬁKmÚT kKh _cHk,T k,mjra»h`XRTﬃ_¢]`_a»k,T ]lSadXRm























TZbZb\bT k,Tá_]`_»_hj_»T\+h,XRT «clXR_$Za»c`X kÛT vEc`X,k,m$\[]lZbadc`XgÀ\[T7,T$Zk,T _»] fihG]`_daZ[m k,TjkÛa Em\[T$X@ZbTj
]lXR]`_&kHjbT$j!vEcijja~j_»T$j\
o _&hRjJvG]l\bZa»_hj_dadQ$\[TS
TX@Z3gÀXRchRj%_$c`XRjrZb\ hÛa»jbclXRj h,X ]lXG]_&kHjbTh,\k,TájmfihRT$X,_Tj$g!~G]`jbmﬃ _»] «c`adj
jh,\WhÛXRT ]lXR]`_&kHjbT j0k@X@Z^]<mÚa&fihRT{XRc`X k,m$ZbT$\SJaX,a»jrZ[TT$Z









k,m\bal}imT$jk,Tj Z c ¢oe(\ﬃoch,\ _»];vG]l\Zba»T{jZ^]nZba»jrZba&fnh,T`g£X,chRj+<]ladjbc`X,j+_ÁOnkHvwc`ZORQjT*fnh,Tﬃ_»]
vwc`XRk,m\^]lZa»c`X ]ljbjbcH_$admT'1_ h,X,Tyk,Tjx]`_Z[T$\XG]lZa&}iT$jﬃk¢]lXG]`_lkHjbT\[TRQ$ZbT_»T_$c`X@Z[TmHZbT_dcÚ_]`_Ekﬁ]lXR]`_&kHjbT`\
PTZbZ[TCOnk@vwc`ZbORQ$jbTTjrZT$X himXRm$\[]`_ }`m$\baﬁRmTCvwch,\k,Tjyk,clS%]laXRTj ﬃ§jrvEm$_$aÄ]_da»jmj= ¿c _»]JkÛadjZ\bad~Kh,Zbadc`X









]v,\bmjT$X@Z[T/mZ hRk,T±]Jk,clX,XRm-_a»Th  h,XRT/]lvÛvj_dad_3]lZa»c`XkR]nXRjd_dTﬀk,clS%]laXRTk,TjÌjbm7fnh,T$XR_$Tjy~,a»cne
_dcih`agfihRT$j\,T±v,\[cl~j_»QS
T&Zb\^]nadZ[mﬀTjrZ_T7_lh,apkÛT1_Ä]JZ\^]`k]hR_$Za»c`X \bT7}`T$\[jTk hÛXRT/jbm7fnh,T$XR_$TvÛ\[c`Zbm$agfihRTlg
v,\bc`~j_dQ$SJTkÛTXG]nZ h,\bTX,c`XÛe¿kÛm$Z[T\bSadX,adjZbT\YrpX TETZ3gm$Z[]lX@Z±k,clX,XRmT h,XRTjbm7fihRT$XR_$T%v,\[clZ[m$a&fihRT`gal_
T mÚadjZbTCk,T±XRclSC~,\[ThRjbT$jyjbm7fnh,T$XR_$Tjk¢]`_$adk,TjtXnhR__»magfihRTjfih,a#T$X jc`X@ZZ[chÛZ[Tjdh,XRT±vwcijbjrad~,al_daZ[mk,T
Z\^]`kKh,_$Zbadc`X




























k,T Ge¿h`\[]lSJj-_]ladk,Ttkﬁ h,X,TZ[T_[OÛX,agfihRTyk,TvÛ\[cih`\[]lSS%]lZa»c`XJkKk@XG]lSagfihRT`\ ]CjbT$_$Za»c`X±vÛ\[mjT$X@Z[T
TX ﬁ,XUh,XRTﬀ]lv,vj_a»_3]nZba»clX $_Ä]±Zb\[]`kKhR_Zbadc`X\[T7}`T$\bjbT±kﬁ h,X,T&jmfihRTXR_T&v,\[c`Zbm$a&fnh,T\
 
ﬀ +ﬀl& #" $$	" 	




]la\[TjwORc`\[j§e¿_$c`X@Z[TmHZbT  £ORcﬂ  @k,T)<])(c`X1u\bT$XRkÚ\[T
_$c`SJvÛZ[TPkÛTj#kÛm$vwT$XRkR]nXR_T$jpadX@Zb\[]lS
c`_»m_hj_Ä]nad\[T$jv,\[m$jbTXHZbmT$jpvG]l\s_dTj1jbmfihRTXR_T$jp~,a»c`_»cih`a&fihRTj)³]l_$a»kÛTj






__Ä]`jja&fnh,Tj  aÚT3]e`  aÚT3]`iUi] aÚT]iiUl~ \Kr­X _$ch,\[j!kﬁ]lXR]ne
_lkÚjT`g _Ä]&\bT$XR_$c`X@Zb\bTk,T_»]&v,\bT$Sa»Q$\bTÌcH__h,\b\bT$XR_$Tykh,XRT}l]l\aÄ]l~j_dTÌkÛc`X,XRm$Tk,m__»TXR_[ORT_»Tu\[TXRjbTa»h`X,Te
SJT$X@Z+_ÁadX,jZ^]nXR_$a»]lZbadc`XÌk,TJ_TZbZ[TW}`]n\baÄ]n~j_»T`\ c`\[jﬀk,TW_»]\bT$XR_$c`X@Zb\[TJk,TJZbch,ZbT%]`h,Z\[TcÚ_$_7h,\\[TXR_T
k,TJ_TZbZ[T }l]l\ba»]l~j_»Tlga&_ k;] _$c`XjÄ\[clXHZ[]lZbadc`X;T$X@Zb\bT+_»T_clXHZbT$XnhŁk,TJ_T$ZZ[T+}l]l\aÄ]l~K_»T/T$Z-_»T\[T$jZ[TXRc`X
TXR_c`\bT&]lXG]`_lkÚjmyk,T_Ä]CjmfihRTXR_T`\~xadXRjrah,XZ[T_«c`\S%]`_a»jrS
TuvET\bSJT$ZreYa&__Þm_\baZ h,\bTk,Ty\[Q$h_»T$ju]`hRjbjra















E1g1j0h,~RjrZbaZ h,Za»c`XŁm_»m$SJT$X@Z[]lad\bT`g1]`jbjcÚ_a»T  Zbch,Z/_]l\^]l_$Z[Q\[Tkh,X ]`_v,OG]l~wT$ZONQP'h,XŁT$XRjT$SC~K_»T
k,T _[OG]



















































g e_= 3_GWCKJÃk,mjra»h`X,T'_»]Cjbm7fnh,T$XR_$T±adXn}iT\[jT&kÛT C \
aÚT_»c`XR_»T$jﬃ~ET$jbc`aXRjgÛc`XvETh,Zxk,T7}`c`ad\!SJcÚkÛm7_dadjbT\ h,XRT&]`jjbcH_$a»]lZbadc`Xk,TySJc`Zbal«jﬃ]`hSJc<k`T$X kh,XRT
h`\[]lSS%]la\[T   02  365/7 8 9<;=>5@? A Y =a3 GWCKJFJ

Yf=a3_GICKJGvwT$\S
TZbZb\[]ﬃk¢]lXG]`_lkÚjT$\ 2 21vG]l\T mÚT$Svj_»T
;Z2 =  3	 9@7 5 A Y = 3_GWCKJ






b/b b \ {]ladj





  M! "! ﬃ[  ﬂM![ﬃﬀ ﬁfﬂBﬁﬃ! Mﬁ! ﬃ !ﬃ " $# ﬂM!&%







hhÛa»k,T\+h,X ]lXR]`_&kHjbTh,\%XRclXÛe¿k,mZ[T\bSadX,adjZ[TN _¢]la»kÛT kh,X SJcÚkÛQ7_»T k,T Ge¿h`\[]lS
j ('`T_Ä  )'`T7_geiU(\
xchRjum$Z[]l~j_dadjbjc`XRj!T$X,j0h,aZ[T_»T$ju~R]`jbT$jxk]h{_]`_»_hj_kKh vEc`adk,j!]`jjbcH_$adm-h,X,T&jc_&hÛZba»clX>\
a h,vÛvEcijc`XRj±vR]l\±T mÚT$Svj_»TWfnh h,X S
cHk,Q7_dTk,T Ge¿h`\[]lS
j_$c`SJvÛa&_»T$_dTjadXj«c`\S%]nZba»clXRj\[T_Ä]lZa&}iT$j
]`h]m _ch,vK_»Tjk,T_3]n\^]`_Z[Q$\bTj+*-,wg­jc`adZ _»T$j$Ä\[mfihRTXR_T$j%kh,Zbal_dadj[]lZa»c`XkÛT+EVG.*4J^g EVG/,_J[g EVG/*4Jdb EHG0,ZJ




»XRT$j EVG/*4J«cl\bSJmTj{vG]l\bZad\±kKhŁ_3]l\[]`_$ZbQ$\bT1* c`X@Z_»] S $SJTW_»clXRhhRTh,\3g1T$Z/_$T fnh,T7_fihRT




EHG/* b4,fb)3hb 0 b
^




J \A]tXRc`Z^]nZba»clX-E95UG73 JadXRkÚagfihRT fihRT_¢cl\[kÛ\bTPk,T fihG]`_adZbm
k,T$j!_[ORc`a m%k,Tﬀ3kÛm$vwT$XRkk,T$j!_[ORc`a m%TET$_$Z h,mjuj0h,\:,JTZﬃ\^]lvÛvET_&_»TfihRTXE S G/,fb)36JpTjZ!vÛ\ba»j£T$X _clSJv,ZbT
vwch,\uk,mZ[T\bSadXRT\ME95UG736JZ\
ZtT<]U($c`X vj_lhRjhimXRm$\[]`_»TlgwclXávETh,Zy_clXRjadk,m$\bT$\fihRT_»]Jj0hÛ~RjZadZ hÛZba»clXKE vET\bSJT$Ztk¢cl~,Z[TX,ad\g
vG]n\bZba\kh,X;SJc`Z17 «cl\bSJm/j0h,\'h,X ]`_dv,OR]l~ETZ1NQPfgh,X;_T\bZ^]nadX XRc`SC~,\bTk,T/S
c`Zbj _]na»k,T/kh,X
]`_v,OG]l~wT$Z NS\aÚc`adZ7 h,X{SJc`Z «c`\S
myjh,\BNQP _clSJvwc`\bZ[]lX@Z; _]l\^]l_$Z[Q\[T$j\_71;=< >k,m$ja»hlXRT_Ä]/jbch,jre
_[OG] 
»XRT/k,T-7 k,m$~jhÛZ^]lX@Zﬀ]`h _3]l\[]`_$ZbQ$\bT =<_c`Sv,\badj ÌTZ_c`Svwc`\bZ[]lX@Z?£_3]n\^]`_Z[Q$\bTj7\sPclXRjadk,m$\bc`XRj
?  @4EVGI7 JZ\ ? _$c`SvEc`\Z[T BAK; _3]l\[]`_$ZbQ$\[T$j\uo1]l\j0hÛ~RjZadZ hÛZba»clXg _[OG]`fnh,T _]l\^]l_$Z[Q\[Ták,T 7









































bg8 J  @[EVG

Jdb EVGa8 J 
E-< 6G 8/J \ rpX{_$TjbT$X,jgRXRchRj h,Za&_a»jbclXRj h,X S
cHk,Q_»Tk,T^psﬃeYXÚe¿h`\[]lS
j7\










vG]n\ _»TGeh,vj_dT$ZﬃZ\^]laZ[my]hKmmZ^]lvwTj =­T$Z = \bTjvwT_Zbal}iT$SJT$X@Z\wo _lhRjPvG]l\Zbad_7hj_a»Q$\bT$SJT$X@Z3gHvEc`h,\h,X
<]`_Z[Th,\xk,Ty\[Thl\[ch,vwT$SJT$X@Zum$hK]`_G igG]`hR_h,X _c`X@Z[T mHZ[TX>¢T$jZuv,\a»juT$X _c`Sv,ZbT\
Pc`XRjra»k,m\[c`X,j TZ;kÛT7hKm }l]l\ba»]l~j_dTjÃ]`_»m]lZ[clad\[T$j '}l]`_dT7h,\bj£k,]lXRj _»Tj }icH_3]n~jhj_Ä]nad\[T$jÀk,TjÃS
c`Zbj
k,T ;_]l\^]`_Z[Q\[Tj!kÛT NQP TZuk,TjﬃSJc`Zbjﬃk,T GA-;_3]l\[]`_$ZbQ$\[T$juk,T NS\ ZÌT'_»]ﬀS $SJT<]U(clXRfnh,TX,chRj
]}@a»c`X,jJk,m ﬁ,X,a71;=< >!TZ?E;=< >«g­XRchRjk,m ﬁ,X,a»jjbc`X,jWh,XRT\[T_Ä]lZa»c`X jradSa&_Ä]nad\[TJk,Tv,\[clqrT$_$Za»c`X T$X@Zb\bT _»T$j
}l]l\aÄ]l~j_dTj T$Z ; < >kh,XRTyvG]l\Z3g TZ&;=< >%\
ÌclZ[c`XRj;=< >9_¢m}imXRT$SJT$X@Z G&;=< > c?E;=< > JhG ;=< >. 71;=< > J \
ÞOnk@vwc`ZbORQ$jbT!k,T£v,\badjbTPTX_c`Sv,ZbTPkKh_$c`X@Z[TmHZbTﬃjÞTmHv,\adSJTPvG]l\@_Ä]x\bT7_»]lZbadc`X±jh,a&}l]lX@ZbT`g`cCvEc`h,\


















SJm$\bc =gRT$Zuk,T_dc`XRhhRTh,\ig,_`¢T$jZre neYkÛad\bTfnh,T(;=< P£_c`X,_T$\XRT'_»Ty_3]n\^]`_Z[Q$\bTyX hÛS
m\[c =­k,T17ágRT$Zxk,T













































































































    ﬃ    ﬀ$hﬂ  " ﬀﬂM!
o1c`h,\&_3]`_d_7hj_dT$\_»T$j C S
Ta&_&_dT7h,\bTjjc_&hÛZba»clXRjk,T$_»clXRhhRTh,\  A ; _]l\^]`_Z[Q\[Tj B_Ä]jbm7fnh,T$XR_$T 
Z\^]`kKhÛad\[TmZ^]lX@ZÌk,T_dc`XRhh,T7h,\ ;OfgGX,chRjÌ]lv,vj_agfihRc`XRj _»]\bm_7hÛ\b\[TXR_Tﬀj0h,al}l]lX@Z[T`gGTZt_$Tﬀvwch,\x_[OG]fihRT
vwcijbjrad~,al_daZ[muk,TÌZ\^]`k]hR_$Za»c`Xk]h=³QS






	$2 * Ga5 ;
e




























 A =&_]l\^]l_$Z[Q\[T$j\] v,\[TSJadQ$\[TmZ^]lvwT_c`X,_T$\XRT _Ä] Zb\[]`kKhR_Zbadc`X ﬃ§TX ~j_dcÚ_  %kÛTj 
 v,\bT$Sa»T$\bj


















P!< jmfihRTXR_T!k,T _»clXRhhRTh,\  A
































































clZ 71;=< >9h,X _c`h,vj_»T ?E;=< >

fS G ;[G&"; < > JFJ \







\bTh`\bch,vwT$SJT$X@Z fgf;   B_»c`X,hhRT7hÛ\±kKh S
c`Z g   Ł_»clXRhhRTh,\Ck,TJj0h,~,jZbaZ h,Za»c`XOTZ C  


























/ ﬂ  		







]`_a»j[]nZba»clX £jc`X@Z T$X TETZ _c`XRjra»k,m\[m$j _»T$j
_dcihK]l\adZbOÛS















2 0>0 62 2 

b 66
2 0 8  2 2   b 	 

Zb\advj_dT$Zx|  hi]`h
2 0>0 62    b UC
]lZb_hK]`h er| \¢,7|iUK

_Þm$Z[]lvETujh,a&}l]lX@Z[T<m$Z^]nvETgia&_Kk]±|tvwcijbjrad~,al_dadZbmjpkÛTxZ\^]`kKh,_$Zbadc`X a2 2 2CchQ262 ]1vwch,\  <Z\baÕe
vj_dT$Z1X hÛS
m\[cUi \io1c`h,\­_[OG]`_h,XRT!kÞT$X@Z\[T!T7_l_»T$jgnjbc`X@Z­\[TZ[TX h,TjÀk,T _»]ÌS S
T)<]U(clX_»T$jÀ|xSJT$a&_l_»Th,\[T$j
jc_&h,Za»c`X,j\ÛZ\badvK_»T$Z!U  ]i]i]
2 0>0 62 262 2 2 e[\¤|`|`Û 2 0>0 62 2 262 2
2 0 8  2 2 2 2 2 e^\ `}iUl 2 0 8 62 2 2 262
2 0>0 62  2 2 2 e[\`UK|i
2 0 8  2 62 2 2 er| \ e 
Zb\advj_dT$ZuU  ]`]`h
2 0>0 62 262 2  e§|]\}`Ui 2 0>0 62 2 2 2 
2 0 8  2 2 2 2  er| \KlU`
2 0>0 62  2 2  e§|]\ eei 2 0>0  2 62 2 
2 0 8  2 62 2  e¿UK\ lUiUK|

_Þm$Z[]lvwT ﬁ,XG]`_dT`gvR]l\bSalZbch,ZbTj>_»T$jEZb\[]`kKhR_Zba»clXRjc`~,ZbT$XnhRTj)I2 0>0 62 2 2 262

2 0 8 6262 2 2 2Rg 2 0>0 62 2 2 2 

2 0>0 62  2 2 ]gK_dTjx|±SJT$a&_l_»Th,\[T$jﬃjbc_lh,Zbadc`XRjﬃjc`X@Z  2 0>0 6262 2 2 2 «e[\|i|`Û<ÃT$ZM2 0 8 62 2 262 2 Äe^\ `}iUln\







h,Za&_a»jbm ] ﬁÛX k,T v,\[cHkKh,a\[TR_»Tj ¹SJT$al_&_dT7h,\bTj0ﬃ§jc`XRk,T$jJXnhR_7_dm$a&fnh,Tj! [gÃ\bmjhj_dZ[]lZ[jJk,T _»] Z\^]`kKh,_$Zbadc`X
\bT7}iT\[jT{kh,XRT jbm7fnh,T$XR_$T v,\bc`Z[magfihRTk,c`X,X,mT\Ão h,adjgpXRch,jv,\bmjT$X@Z[c`X,jW_»T$j/v,\baXR_$avG]`hKm _c`SvEcne
jb]lX@Z[j
kÛT _¢]lXG]_&kHjbTh,\JaSJvK_»m$SJT$X@Zbm TZ
kÛc`X,XRc`X,jW_»T _3]_»_7hK_ÌkÛT _Ä] _clSJvj_dTmHadZbmk,T _]`_dhic`\adZbOÛS
T






	ﬁﬀﬃﬂ !"#$%&	!' (%&	) *#+ﬀﬂ ,&-ﬂ './"0#1	
7U
   O ﬀﬁ- ﬂ !![hﬃ6!
* _$c`X@ZbadT$X@Z _dTjadXK«c`\bS
]lZbadc`XRjJ_cHkÛa ﬁG]nXHZR_»]Łjk@XHZORQjT k,T$j v,\bc`Z[madXRT$j\xXRT SJc_»m$_7hj_dT
k-* T$jZ h,XRT!jmfihRTXR_Txk,TﬃXnhR_7_dmc`Za»k,T$j\ xXXnhR_7_dmc`Za»k,TﬃT$jZÀ_]l\^]`_Z[m\ba»jm!T$XvG]l\Zbad_7hj_a»T$\vG]l\_»]









_cHk,Thim$X,m$Zba&fihRT`g#]`jbjcÚ_a»T+h,X _$cÚk,clX  h,X ]`_$adk,T%]nSJaXRm\ xX
_$cÚk,clX _c`\\[TjrvEclXRk U
~R]`jbT$j\Ga h,\_dTjy}l_cHk,c`XRjvwcijbjrad~j_dTj$g}Û/jc`X@Zh,Zbal_da»jmjxvEchÛ\_»TC_$cÚkR]lhiT
kh,X ]`_a»k,T{]lSadXRm`\ PclSJSJT al_tT mÚadjZbT jbThj_»TS
TXHZ| ]`_a»k,T$j%]lSadXRm$jg _»T _cHk,T himXRm$ZagfihRT T$jZ
k,m$him$X,m$\[mlg­_ÞTjrZe e¿kÛa\[T fih>Áa&_PTmHa»jrZ[Tk,T$j/_cHk,c`XRj/jkHX,c`XnkHSJTj7\MTJZ^]l~j_dT3]`h e{vÛ\[mjT$X@Z[T _dT%_cHk,T
himXRm$ZagfihRTyvwch,\
	 	" 
	  	 ﬀ
gjfih,aTjrZh,X{_$cÚkÛT-CvwT7h v,\[Q$jhÛX,a&}`T$\[jT7_\
]J_$c`XRjbm7fihRT$XR_$Tk,T_»]kÛmhimXRm$\bTjb_$T$XR_$TkKhá_cHk,T&him$X,m$Zba&fihRT±T$jZfihRT-_Ä]/Zb\^]lkKhR_$Za»c`X \[T}iT\[jbT
<k hÛXRTujbmfihRTXR_Txv,\[clZ[m$a&fihRT }iT$\bjh,XRTujbm7fnh,T$XR_$Ttk-*'ÀT$jZ h,XRTuc`vwm$\[]lZbadc`X/XRc`XÛeYk,m$ZbT$\SJaX,a»jrZ[T\
xchRjP_[O,T$\[_[O,c`XRj \[T$X,kÛ\[TÌ_TÌX,c`XÛe¿kÛm$Z[T\bSadX,adjSJT _»T!vj_&h,j <]la~j_»Tﬃvwcijbjrad~j_dTÌTX+h,Za&_a»j[]nXHZ _dTjÃjvwm_$aÕe
ﬁR_adZbmjpkhRjb]`hiT!k,T$jp_cHk,c`XRjpvR]l\#\[]lv,vwc`\bZ _»T7hÛ\p_clXHZbTmHZ[T`\:Tj­]lvÛvj_dad_3]lZa»c`XRj~,adc_»cihlagfihRTj_clXR_T\e
XRm$Tjxjbc`X@Z_Ä]±vÛ\[cHkKhR_$Za»c`X k,Tjc`XRk,T$jÌk-* T$Z _»]C\[T_[O,T$\[_[O,T±k,ThiQXRTjukR]lX,jxkÛTju~G]lXfihRT$j\
 
  	   2 ﬂ M!+ﬁ
















h,XWh,X,a&fnh,Tt_cHk,c`X\  ]la»jÃ_T$jﬃ]`_a»k,T$jﬃ]lSadXRm$jÀjbc`X@ZP\[]l\[T$j" m$ZO,a»clX,adXRT-ﬁNgHN\0k@v,Z[c`vÛOG]lXRT1    \













































ﬀﬂ / ﬁ( +Oﬀ "

	 	" 

















]ljbjbcH_$adT$\ hÛXJ_$cÚkÛc`X h,XJ]`_$adk,T!]lSadX,m\6Tﬃ_$cÚkÛT!him$XRmZba&fnh,T!TjZ­XR]lZ h,\bT7_l_»T$SJT$X@ZpZ\^]`k]hR_$Zad~j_dT
_]ladk,Tkh,XRT&h`\[]lSJS
]la\[TÌSJcHk,m7_a»j[]nXHZ E@\RW_T$jZÌT$XRjh,adZbTvwcijjad~K_»Tyk,T_clXRjZ\ h,a\[Th,X S
mfe
_]lX,adjSJTyk,Tyv,\[cihl\[Tjjadc`X kR]lXRj h,XRTjmfihRT$X,_TﬀvÛ\[c`Zbm$agfihRT C gfnhÛavET\bSJT$ZbZbT_Ä]ChimXRm$\[]lZbadc`X
jradShK_dZ^]nXRmTkÛT Y EVGICKJ[g,jbm7fihRT$XR_$TCk,T_cHk,c`X,j!eÃc`h{Ueh,vj_dT$ZbjPe¿_cHkR]lX@Z!vwch,\ C \
$ TÃS
m$_3]lX,adjSJTPop\bc_»cihxjbc`hRjreq]`_TXHZglXRclXÛe¿k,mZ[T\bSadX,adjZ[Tlg3vET\bSJT$Z#k¢cl~,Z[TX,ad\G_ÞT$XRjT$SC~K_»TPkÛTj






























ﬂ$e 9h,vK_»T$Zbjg_ÞTjrZe e¿kÛa\[TW _Ä]Zb\[]`kKhR_Zba»clX k,T$jCjbm7fnh,T$XR_$Tjk,T

 TZ




















































kR]nXRjP_[OG]l_7h,Xk,T$jﬃhiQXRTj7\ TÌv,\bcih`\[]lSJSJT }im\ba ﬁ,Td_Ä]'}l]`_dadkÛadZbm!k,Tjﬃh`Q$XRT$j
uXhiQ$X,Td}l]`_dadk,Tuk,m$~Kh,Z[T
vG]n\p]lZbh,g7h`ZbhtchﬀZbZ[hK\ fg<_adZ>_dTjk,T7hKmﬀjT$XRj1kKhC~,\adXﬀk* TZ1\bTjZadZ0hRT _dTÀ~Û\badX±_c`Svj_dm$SJT$X@Z^]la\[T­j7Þal_
k
]-_dadT7h>\@W_E]`__$T$v,ZbT_Ä]v,\[m$jbTXR_Tk,Tx~G]`jbT$jﬃadXR_$c`X,XnhRT$j5_$cÚk,m$TjPvR]l\PXchWmÀkR]lXRj _»Tj£jbm7fnh,T$XR_$Tj\
Thim$XRm\^]lZbT7h,\xk,TyZ[]l~j_»T$juk h,j[]`hiTyv,\bcÚ_$Qk,TTX Z\[c`adj!m$Z^]nvET$j 











<kÛa&}@a»jra»c`X{k,T_Ä] Ä\[m7fnh,T$XR_$Tkﬁ h,X jkHX,c`XnkHSJT/k,c`XÛXRmCvG]l\_»]Jjc`SJSJTCk,T$jÄ\[m7fihRT$XR_$Tj&k,T±ZbchRj_»T$j
jkHX,c`XnkHSJTjZ\
rpX ]`kR]lv,Z[]lX@Z1_dTW}icH_3]n~jhj_Ä]nad\[T h,Zbal_dadjbmT$XŁjbT$_$Za»c`X Úg1_ÞTjrZe e¿kÛa\[T
TXŁ_c`X,ja»kÛm$\^]nXHZ1_»TjﬀS
c`Zbj
;LU9 0fgh2 3  5]`h+_a»T7h




k,T  g gHc`X
c`~ÛZba»TX@Z _Ä]«c`\bS1hj_»TkÛT&_]`_»_hj_k,Tyvwc`a»kÛj!j0h,al}`]nXHZbTﬀj«ch,\X,a»Tvwch,\;=< >«g,XRch,jxm$_$\a&}iclXRj 
;4G  

 2 3 " 2










































 263 " 2
  ;L 9 0dJ 

































































}`T7h,\ k,T*_»] j[]lZa»j0<]l_$Zbadc`X kh,XRT \[Q$h_»T kÛTﬃ_»] h`\^]nSJS
]lad\bT
 \(] vj_&hÛvG]l\bZkÛTj
}`T$\[jra»c`X,j£k,TÌop\[c_dcihy_clSJvwc`\bZbT$X@Z h,XZb\^]lkKhR_$ZbT7h,\ÃvwT$\bSJT$ZZ^]lX@ZÃk,Txhim$X,m$\[T\3g vG]l\Zbad\Àkﬁ h,X,TÌh`\[]lSe
S
]lad\bT *-,  Þoe5g_ÞT$XRjT$SC~j_dTk,Tj\[Q$h_»T$j
op\[c`_»ciháadSvj_dm$SJT$X@Z^]lX@Z$_]lXR]`_&kHjbTh,\]`jjbcH_$a»m 
_$T$ZbZbT hl\^]lSS%]nad\[T`\ xchRjJ]}ic`XRj














TXHZgPvwch,\Zb\[]ladZbT$\ _Ä] v,\a»jT TX _$c`Sv,Z[T kKh¹_c`X@ZbTmHZ[Tq_»T$j 
  ;_$cÚkÛc`XRj
























































kR]nXHZC]`h SJc`ZX7 P!< ŁTjZﬀa»k,TX@Zba ﬁ,m\@£OG]fihRT%jh,~RjrZbadZ0h,Zbadc`X T$jZﬀ\^]lXRh`mTkR]lXRjh,XRTW_a»jrZ[TadXRk,T mÚmT
vG]n\_7_»m`\>£OG]`fnh,Tjh,~RjrZbadZ0h,Zbadc`X TjrZ&k,c`XR_CaXRjbm\[mT/k,]lXRjh,XRTjchRjre_dadjZ[T±k,c`X@ZyZ[ch,j_»Tjtm7_»mS
TX@Z[j
<k,Tjjh,~RjrZbadZ0h,Zbadc`XRjZujc`X@Zy_3]l\[]`_$Zbm$\a»jbm$jÌvG]n\_Áa»kÛT$X@ZbaZ[mk,T1_dT7h,\bj Ùeh,vj_dT$Z[jxj0h  mÚT$j 5_TZbZbT1}l]`_»Th,\
_$c`SJS1h,XRTTjrZ _Ä]á_7_dm
\R ÁadX,k,TmÛ]lZa»c`XŁvG]l\__»m%vwT$\S
TZ$h,X ]l__Q$j+ _»] jchRj§e_dadjZbT]`k,m7fnhR]lZ[T T$X















TX@ZﬃadXj«m\badT7h,\ C gÚZbch,ZbTj0h,~,jZbaZ h,Za»c`X%k,Tj0h  mÚT





































k,T mÚmTák,T j0h,~RjrZbaZ h,Za»c`XRjL?)P!< ;
e
Pc`\bhK]lX,adjbmT T$X jchRj§e_dadjZbTj














   Ùeh,vj_»TZ
v,\bm ﬁKmÚT








P \­o#]l\SJa _»Tj C 5]`hvj_lhRj ±jh,~RjZadZ0h,Zbadc`XRj-?)P!< ;
e
P
\[]lXRhim$TjÀkR]lXRjÃ_TZbZbTxjchRj§e_dadjZbT`gijT7hj_dTjÀjbc`X@ZÃadX@Z[m\[T$jbj[]nXHZbTjÃ_T_&_»T$j fnhÛaGjbT!Z[T\bSadXRTXHZ­vR]l\ _»T!j0h  mÚT















































	ﬁﬀﬃﬂ !"#$%&	!' (%&	) *#+ﬀﬂ ,&-ﬂ './"0#1	
7
TjxXRchj}`T7_&_dTjuj0hÛ~RjZadZ hÛZba»clXRj ?)P!< ;jbclXHZx\^]nXRhimT$jtkR]nXRj_»]/jbchRj§e_a»jZbTyadXRk,T mÚmTvG]l\
 	
kR]nXRj_»]






















































JFJ  )CKJ A G ;  
















































v,\bT$Sa»T\[jﬀ\bmjhj_dZ[]lZ[j&XRchRjC_$c`XRkKhÛa»jbTX@ZT$XRjh,adZbT {TmÛ]lSadX,T$\1_»] fihG]`_adZbmJk,TJv,\[m$kÛa»_Zba»clX c`~,ZbT$XnhRT
jh,\ h,XRT jbc`hRjreYjbmfihRTXR_T _Ä] vj_lhRj%k,mZ[T\bSadX,adjZ[T{k,T*_Ä] jmfihRT$X,_T;vÛ\[c`Zbm$agfihRTﬃ Z\^]`kKhÛad\[T`\ xchRj
T m,]nSJaXRc`XRj1mhK]`_dT$SJT$X@ZG_Ä]dfihG]_dadZbm£kÛT£v,\bmkÛad_$Zbadc`XCcl~,Z[TX h,T _»c`\bj fihRT _dTjS
cHk,Q_»Tj1jbc`X@Z#_3]`_d_7hj_dmj#jh,\
h,X TXRjbTSC~j_»Tk,TvÛ\[c`Zbm$adX,TjﬃORc`SJc_dcihhRT$j_Ä]±v,\bc`Z[madXRTÌZ[TjrZ[m$T\ Ìc`hRj!Z[T$\SJaXRc`XRjPT$X _c`SvG]l\[]lX@Z
jkÚjrZ[mS%]lZagfihRTS


































SJT$ZuTX m}@a»k,TXR_T'_»T$jﬃ~G]`jbT$jukÛa»j_c`\bkR]lX@Z[T$j\ TZ^]`hKm%k,TkÛa»j_c`\bkR]lXR_$TTjZ_dTt\^]lvÛvEc`\ZukKh XRc`SC~,\bT
k,Ty~G]ljbTjxkÛadjb_cl\[kR]lX@ZbTjx]`h XRc`SC~,\bTZ[c`Z[]`_k,Ty~G]ljbTjxk,T_Ä]Cjc`XRk,TW5c`h kÛT'_»]/_$ad~K_»T
 \
W_ÃTjrZ1}im\baﬁRmWfihRTja)_Þc`X \[m$kKh,aZ-_dTh`m$XRc`SJT R_»] _ad~j_dT]`jbjcÚ_a»mTW h,XRT_T$\Z^]laXRTjbmfihRTXR_T
v,\bc`Z[magfihRTlgP_TZbZbTá_$ad~K_»T ]nv,vG]l\[]
»Z
T$X v,\[TSJadQ$\bT{jbc`_&h,Za»c`X>\ Ìc`hRj]}ic`X,j\bm3]`_a»jm{_T Z[TjrZj0h,\ _»]




	  	 ﬀ
\Ho#]n\_Ä]&j0h,aZ[T`gÚ_ÞTjrZ _»Tth`m$XRc`SJTtkÛTB
	 	"
















ZbTjZbmT$j ﬁRhhÛ\[TT$X ]lX,XRT mÚT ~ 
	
Z^]n~j_»T]`hyei\)PT$_$auXRTvETh,Z $Z\[T _c`XRjra»k,m\[mRfihRT _c`SS
TkÛTj
T mÛTSJvK_»Tj/al_&_&h,jZb\[]lZbal«j\ xXRT ]lv,vÛ\[cH_[ORTvj_&hRjjkÚjrZ[mS%]lZagfihRT jÁadSvEc`jbT`gsfnhÛaÌkÛc`adZ_$c`XRjadk,m$\bT$\ h,X
vj_lhRj!h`\[]lXRkXRc`SC~,\bTyk,Tjbm7fnh,T$XR_$Tj\
]nS





T{hi]ladX S%]<mÚaS%]_!j0h,\W_»TvEc`h,\[_$T$X@Z^]`h`T{k,T _c`XR_$c`\[k,]lXR_T T$X@Zb\bT jbclXRk,T{TZ%_ad~j_dT ]}`c`a»jradXRT 
 \
ÞTjrZvK_&h,ZF.`Zh,X hK]laXk,T 
 T$Xn}@ad\bc`X fnhÛauTjZcl~RjbT\ }imvwch,\_dTj/jbm7fihRT$XR_$TjJk,T _»c`X,hhRT7hÛ\

v,\bmjT$X@Z^]lX@Zh,X,Tu]lS
m_dadc`\^]lZa»c`X\ Ìc`hRj#XRch,jÀ]lZbZbT$XRkÛadc`XRjst_T fihRT _ÞaSJvR]`_$Zk,T_»]xv,\a»jbTPT$X_clSJv,ZbT
kKh _$c`X@Z[TmHZbTyjÞTmHv,\baS
TX,T$ZbZbT$SJT$X@Zx]}iT$_yk,Tjujbm7fihRT$XR_$Tju\[T_Ä]lZa&}iTS
TX@Z _»clXRhhRT$j\ ZÌT<]ladZgHS $SJT
jra_Ä]jbm7fnh,T$XR_$T
k,T$_»clXRhhRTh,\ik,m$SJT$X@Zﬀ_T/v,\adXR_advwT`gch TXR_c`\bTWfihRT _»TCvwch,\b_TXHZ[]`hiTjZ[]`h`XRTlg

























k,T      ﬂ£gG_cHk,m$TXR]lZ h,\bT7_l_»T$SJT$X@ZﬃvR]l\





























 ]\¤|i` K\|`}K K\¢Uﬀe
U 
 ]\ ` K\Õ `U K\|liﬀe
 
 ]\7} K\Õ7} K\Õ7iUﬀe
 
 ]\
e K\|`UiU K\Õ ﬀ
} 
 ]\¤|Ú7 K\|`UK K\Õ
eiU ﬀ
 
 ]\i7 K\ i K\Õi

e 
 ]\¤|` K\|`} K\¢Uﬀe
 
 ]\¤| ` K\|i K\|li ﬀ

 | ]\¤|i|` K\|Ú K\|`UK&e
i U ]\¤|`Ue K\|`U` K\| `ﬀe
| i ]\UK|`e K\¢UiU` K\¢Ui}`±e
7U i ]\¤|`Ui K\|e K\|e
3 K} ]\¤| ` K\|Úi K\|l@|&e
   ]\U`U K\¢UK K\¢UiUK&e
7} |  ]\¤|i| K\Õ
e K\Õ  ﬀ
 3ie ]\7`} K\Õ7K| K\Õ
eK ﬀ

e |i`U ]\7}l K\Õ7}
7 |e ]\7}i| K\Õ7U
ﬂ ﬃ# !"wU $





























Ìc`hRj)<]na»jbclXRjÀk,TxS $SJT!vEc`h,\Àa»k,TXHZa ﬁRT\£\[]lv,adk,T$SJT$X@Z _Ä]SJcÚkÛaﬁR_3]nZba»clX
kh,XRTjc_&h,Za»c`XvR]l\u\^]lv,vwc`\Z$hÛXRT&]`h,Zb\bT\ \
]] h h Z
        
]lZbh ]i]l_ ]i]`] ]i]`_ _h`Z hihi_ ZbZZ ]`_$_ _$_h _$Zbh
ﬂﬃ! #"Ù $ 
&	




































































_$cÚk,clXRjpj0k@XRclX k@SJTj7\:T£Z^]l~j_dT3]`h x\[T$h`\[chÛvETfihRT_gfihRT$jp\[mjhj_dZ[]lZ[j#c`~,Z[TXnhRj tvG]l\Zbad\1k,TﬃjmfihRTXR_T$j







	ﬁﬀﬃﬂ !"#$%&	!' (%&	) *#+ﬀﬂ ,&-ﬂ './"0#1	
|`U
ãbç  /Ûå/ ^ànâbç	  / â
ÕæÕæ /   *åfâ    nåfâ
5¥37b¦§ <b¥37¦r 5¥37n¦§ 5¥37b¦§
5r¯$³ f 7<³PÞË <¯$³ f 7r5³£¢Ë
Ë»7¤5< ËÄ7¤<5

































































ﬂ ﬃ# !"  $ 






+Oﬀ "'  	
ﬀi	.	
 O 	 '  +9i	-ﬂ !" #$%&	 -ﬂ &ﬀ / ",+.-
TjZ[TjrZ[j\[m3]_da»jmjj0hÛ\!jbmfihRTXR_T$j­v,\[c`Zbm$a&fnh,Tja&_&_lhRjZ\[TXHZY_dT <]nadZYfih>h,XRTﬃk,m$h`\^]lkR]lZbadc`X&k,T£vwT$\re
«c`\S%]nXR_TlgO_dc`\[j0fih>¢T_&_dT&T$jZÌ_c`X,jZ^]nZ[mTlgw\bTjZbT-_adSadZ[m$T$<SJc`aXRjuk,T±U
  \ﬁrpX \[T7}l]lX,_[ORT`g_»c`\bj fih>h,XRT
]lSJm7_a»c`\[]lZbadc`XJjbTv,\[cHkKh,aZ3gÛT_&_dTyTjZu\bT7_Ä]nZba&}`T$SJT$X@Z!XRTZbZ[T Çq hRj fih>   
 



























jmfihRT$X,_TjCvÛ\[c`Zbm$agfihRT$jﬀk]h himXRc`SJTvÛ\[mjT$X@Z^]nXHZ1h,XRTORc`SJc_»cihla»T/]}iT$_W_»] jmfihRT$X,_T  ]lXG]`_lkHjbT$\\
ZtThKmv,\bc`Z[madXRT$jxjc`X@ZxkÛadZbTj!ORc`SJc_»c`hhRTj _»c`\bj fihRT_»TyZ^]hKmk,TkÛadjb_cl\[kR]lX,_T34uXRTﬀkÛm$vG]`jjbTvG]`j h,X
jT7h,al_ ﬁKmÚmﬃ5U 
 T$XŁhimXRm$\[]`_B \@Pc`SJSJT`gvj_lhRj-_»] jbm7fihRT$XR_$Tv,\[c`Zbm$a&fnh,T  ]lXG]_&kHjbT\CTjrZ_»clXRhhRTlg



























ãç  /Úå/ â  Õææ /    















































































































































































































































































































ﬂ ﬃ# !"#} $  
ﬀ#.+j"0&	
ﬀ " W& 	 #+ﬀiﬁ 	+ﬂ  	 ` ﬂ +ﬂ&	 	 ﬀ"0ﬂi 	  ﬀ ' i	 +Oﬀ "W& 	 
#+%%& "Z 	+	
ﬀ (ﬀK	ﬀ#"%$ & (Ł. 	  	  	U
	 	$/ ﬁﬀ#+N" d/ ﬁﬀ#+ "Z 	" %-`ﬃ	
.
 	  	
	 ﬀ#+ﬀ&ﬀ / 	

 ﬃ	


















	ﬁﬀﬃﬂ !"#$%&	!' (%&	) *#+ﬀﬂ ,&-ﬂ './"0#1	
| 





















v,\bcÚ_$Tjj0hRj&XG]lZ hÛ\[T7_ÀZbT$XG]lX@Z±_c`Sv,Z[Tk,T _Ä]XRc`Za»c`X k,T_clXHZbTmHZ[Tlg@_»]jT_$c`XRk,TS
cHkR]`_adZ[m±_c`XRjra»jrZ[T
_[ORc`adja\_»T$jy_cHk,c`XRj]`h OG]lj[]l\bk\GaÚT7_dc`X _T/v,\bc`Z[cH_c`_»T`gÙXRchRj_$c`SJvÛZ^]l~,al_dadjbc`XRj_»T$jykÛa»j_c`\bkR]lXR_$Tj
vG]n\{]l_$a»kÛT ]lSadX,m`g!]`h_dadT7h¹k,T _c`Sv,Z^]n~,a&_a»jbT\ _»T$jkÛa»j_c`\bkR]lXR_$Tj{h`_»c`~G]_»T$SJT$X@Zﬃ<T$Z vG]l\~G]`jTj
XnhR__»mclZba»kÚagfihRTjZgÃj0h,\W_Ä] jbmfihRTXR_Táv,\bc`Z[magfihRT`\ xchRj
















  g 




































JT$jZJ_c`X,XnhRT`\ xchRjJ]}ic`XRj_[ORc`adjaxk,m$jbc`\S%]ladjk,T X,T \bT$Z[TX,ad\ fihRTR_Ä]áv,\[TSJadQ$\bTjbc_lhÛe
Za»c`X_]`_»_hj_»m$T$_»]ﬀv,\[m$kÛa»_Zbadc`XÃvG]n\!XRc`Zb\bT]`_»h`c`\baZbO,SJT\ ZtTy_$T$ZbZbTyS%]lXÛa»Q$\bT`gHXRchRj!mZ^]l~j_a»jjbc`XRj!kÛTj
jrZ^]lZa»jZagfihRT$jgRvEc`h,\x_[OG]fihRTﬀZ!k@vwTﬀkﬁ]`_a»k,T&]lSadX,m`gfihG]lX@Z _»]kÚa»jZ\ba~jh,Zbadc`X T$X@Zb\bTﬀ_$cÚkÛc`XRj\ xchRj
]}iclXRj±vG]l\C]la&_l_»Th,\[jT wT_Z hRm hÛXRT
























T$jZ1«c`h,\bX,adTJTXŁ]lX,X,TmÚT  <_7!Z[]l~j_»T]`h i\sPTj&\[mjhj_dZ[]lZ[j&\[m}iQ7_dT$X@Z1hÛXRT
~wc`X,XRT_c`\\[m_Ä]lZa»c`X;T$X
SJc








TjÀ\[m$j0hj_Z^]lZbjÃ\bT7_Ä]nZba&«j _Ä]y_$c`\b\bm7_Ä]nZba»clXJTX@Zb\[TxkÛadjZb\ad~jhÛZba»clX/v,\[m$kÛadZbT ykÛa»jrZb\ad~jh,Za»c`Xcl~RjbT\ }im$T`g
vG]n\t_$cÚk,clXgwjc`X@Zk,clX,XRmjtT$X ]lXÛXRTmÚT  T$X ﬁRh`h,\[T$j,g ÚgÙ}
T$Z\bTjvwT_Zbal}iT$SJT$X@Zvwch,\_»T$jﬀ
jmfihRT$X,_Tj v,\[clZ[m$a&fihRTjk,T _dc`XRhh,T7h,\á T$Zi,gﬃ]
}`T_áv,\bmkÛad_$Zbadc`X hhÛa»k,m$T vG]l\_$c`X@Z[TmHZbT _dcÚ_]`_Yg
vwch,\_»T$jJ




]`hÛZb\[T%vÛ\[mjT$X@Z^]nZba»clX kÛTj/\[m$j0hj_Z^]lZbj/TjZ «chÛ\bX,adT%T$X ﬁRhhÛ\[Tj eÛgpÛgﬃ










v,\[m$kÛadZbj  \Po1]l\+}`c`a»T k,T _clXRjbm7fnh,T$XR_$T`g!_T\bZ[]ladXRjJ_cHk,c`XRj
jbc`X@Z
jchRjre³\[Tv,\[m$jbT$X@Zbmjg9}ic`a\[TC]n~RjbTXHZbjgwk,T_»]vÛ\[mkÚa»_$Za»c`X <S $SJTj0h,\dh,X{Sa&_l_da»T\!k,T&jbm7fnh,T$XR_$Tj  \TTj




























 Ûg¢UÛ£vwch,\>_»]£Z^]na&_&_dT#i(^ps| \ £adT$X'fihRT_Ä]ﬃ_$c`\b\bm7_»]lZbadc`X
TXHZ\[TkÛadjZb\ad~jhÛZba»clXRj±jc`adZ-_Ä]{SJT$a&_l_»Th,\[T _»c`\bj fihRT _dT%_[ORc`a mk,T$j/_cHk,c`XRj/T$jZT wT_Z hRm ]`hOG]lj[]l\bkg




XRc`hRjuc`~RjbT\ }`c`XRjfnh,T_»]fnhR]`_daZ[myk,Tyv,\bmkÛad_$Zbadc`XTjrZtjT$XRjrad~j_dT$SJT$X@Zx]`_$_$\ h,Tﬀ iÛgÕ i| \
  
$$& * á! 1	 á
Ã ±u	
Ìc`hRj{]}`c`XRj m$Z h,kÛa»m _dT vÛ\[c`~j_dQ$SJT k,Tﬃ_Ä] v,\bmkÛad_$Za»c`X k,T$j SJT$al_&_»Th,\[T$j
Zb\[]`kKhR_Zbadc`XRj%\[T}iT\[jbT
kh,XRT jbm7fihRT$XR_$T v,\bc`Z[magfihRT j0h,\U_Ä] ~G]`jT k,T jZ[]lZbadjZagfihRTjmZ^]l~j_a»T$j jh,\U_»T him$X,c`S
T «v,\badjbT T$X
_$c`SJvÛZ[TkKh _$c`X@Z[T mÚZbT
 \ Þc`\badh`adXR]`_daZ[m±kÛTX,c`Zb\bTJ_$c`X@Zb\ba~jh,Za»c`X _clXRjadjZ[T \[m]`_dadjbT$\'h,X;_c`h,vj_Ä]lhiT
TXHZ\[T h,X ]lXG]`_lkÚjT7h,\&jkHX@Z[]mHagfihRTT$Z'h,X]nXG]`_&kHjT7h,\&jZ[]lZbadjZagfihRT\ Zdh vwc`adX@Zk,T$}nhRTj0k@X@Z^]mHa&fnh,T`g
XRc`hRj#XRch,j­jbc`SS
T$j1aXRjv,a\[m$j#kKh «c`\S%]`_a»jrS





]lZbadc`XRj­]nv,vj_dad_3]l~K_»Tj _$Tj }l]l\ba»]l~j_»T$j\PT$ZbZbT }Hadjadc`XZb\^]nXRj0«c`\S%]nZba»clX,XRT7_l_»T
jT$SC~j_dTyk¢]la&_l_»T7hÛ\[jPvG]n\bZbad_7hj_a»Q\[T$SJT$X@Zﬃ]`kR]lv,ZbmT_Ä]±\bm3]`_adZ[mÌ~,a»c_dcih`a&fnh,T<\bm$vwm$ZadZbadc`XRj$gÛ\[mvEmZbadZa»c`X,j
aX }`T$\bjbmT$jg#vR]`_daXRkÛ\[clS
T$jgj0hÛ~RjZadZ hÛZba»clXRjgSh,Z[]lZbadc`XRj\ \ \  \1och,\±kÛad\a»hiT\_dTJ_[O,c`alm;k,T$jﬀSJT$a&_l_»Th,\[T$j
jc_&h,Za»c`X,jg$al_<]`h,Z]_»c`\bj $Z\[TÀ_3]lvR]l~j_»T­kÛTÃ__Ä]`jjbT\1_$Tj1]`_dZbT$\XG]lZbal}iT$jT$X«c`XR_$Za»c`XkÛT _dT7h,\vÛ\[c`~G]n~,a&_adZ[m
k,Tyv,\bmjT$XR_$T±kR]lX,j_»]±XG]lZ0h,\[T`\Go1ch,\x_$T'<]nad\[TlgÛXRch,jÌ]}`c`XRjh,Zbal_da»jmdh,X SJcÚk,Q_»TkÛT Ge¿h`\[]lSJj\














kiTX k,T jvwm_a ﬁR_]lZbadc`XRj +\xo1]l\ TmÚT$Svj_»Tlg!XRchRjvEc`h,\b\a»c`XRj_$c`X@Zb\^]nadXRkÛ\bT














ﬂ nﬂ! 1u Pu	
 £ORcﬂ   -\ £O,c`S
jnk\ %
 &ﬀ /
	 	" 	]"Z ﬀ  % /]&	
	N  ﬀ" 
\ NPO,T xX,al}iT$\bjaZ!k c
£O,a»_]`hicop\[T$jbjgﬁ£O,ad_3]`hicÛg7K HgE7 ]\
 bdeiU-~1\Pc_S
T\^]`hRT\3g -\C]lXG]`c`h,aYg7]nXRk  \bÃ]lX$ﬃ]nXRTh`O,T$S \Kop\[c_dcih!adaYg~G]`jTjZbORm$c`\ba&fnh,Tj
T$Zuk,m}iT7_dc`v,vwT$SJT$X@Z[jÌ]`_Z hRT_»j\%
 	 O- 	 	 	 '% ﬀ" # O 	
g,|K5ig7eiUK\




("0K	 	ﬀK	 ﬀ.+j(!" W<	&	 ﬂ#  	 %ﬁ %!% /  	 
g K³| Õ`$G7Ûg
S%]l\b_[O 7eiUK\
)'`T7_» ^ \	'`T_dadX,T\ 
  . ﬀ"/i ﬂ  /K
/ #+ﬀﬂ % / ﬀ" 	 +O  	"  	 ﬀ /%ﬀ
glvR]`hiTj­$
i}K\ c`\[hK]nX ]`hKÄS%]lXÛXgOaÛ]lX {]lZbTcWﬃ]`_a& \ÕgE7iK\







 " (  	ﬁ% % /  	 
g>r7Ui ¤|`UÚ $Û|ieÚgw7eK\
 aÚT3]ei Z1\ d\aÚT3]l\0_»j7\KWYX }`TjrZba»hi]lZbaXRhxZORT _dadX,hh,a»jrZbad_jc ﬃ!adZO±kÛT ﬁ,X,aZ[TÀ_7_»]`hRjTÃhl\^]lSS%]n\[j\
WYX r \QhRj ]lX,k s'\ C}`T$\~ET$TÙg1T$kÛadZbc`\[j$g 
ﬀ /





ﬀ "  	 
gHvG]`hiT$j
ei$Û|`eK\  ﬀ ﬂ op\[T$jbjg7eiK\
 aÚT3]`iUi] Z1\ d\YaÚT3]n\ _»j7\ﬀ%
 	 ﬀ#.+9 ﬀs% / &	
	 	+ﬀ  'ﬀ&ﬀ /
	 Y	
 O 	  	
gÙvG]`hiT$jy@ $
|K\      ﬀ ﬂ ig7iiUK\




jﬀ "sﬀ &ﬀ /




























   Ìs c'^pN!o


















   Ìs c'^pN!o ~GbdbIQ Gajca 
`   Ìs c'^pN!o ~GbdbIQ Gajca  ~%ÛNcZ Z 

~







3U N^RN!N G ~ T W§NY~aj aÚN ^]~~ o
 
W ZtWb Ìs NﬃW§N!oMW r
 
zW§o c
 ^ yN%Z Ga  ~a Gcbs~d~Gb@~tW!~Yb >~YbI %G c~s spNcb W=bdcb b  NG~c






{o~Gb cbbN bIN rÀo




a b yW r~




















c  'r  W=Zr cbo ^a
W=ZtW§o b^#s>~YbzoÀN W 
7  W! ~ajc~ÀNaNc  Z^RYrÀN!oqb






~~ ^#obtW!~~ÌWc-c Wbo9~%Q B>~^  )~%Zo­W§N!sdr)c
*~ÌW§o9~~ÀN ZÌW!~ ^]~%Gcb Y~%T@c aÛsbyo>~ TyW ^ Q ~%>~tWbW=Z%Z xc'~ÌWbWWbW!~ 















N Ìo ^ GcoMBÚNﬃW 
 
Z ~I N ^ﬀ^Gc'rM
~r c

oMsb ^Gc o ÌWaÛN oQN^ Y^a NZ ~tW!~ Z   ^  

'r bb tsLbs~
co a ~ cs a bBU~

  bzW§o bIYr byoÀo)a]~ ^pN!oÀoÃobIZa]~ bdbysLbyo d~ÀNW
o to bIBZbysb yaÚsxW§N!N r~^ 









3  ~ÀN IWcBZb  c- IZrW!~ T %br ^pN!o)cBBZ N  ÚNcZ b@~ s c&o)ca TZbIs









NY~ 'r) ~sLZbr ~Gb Gaja Za yo ^
^RTZ ~I 'cZ {o  aÚo)rs cBPcss^#W§Nd~^ N!s{s^G^poc

TZI 'a 'r aÚo





o)a Ìs %BZ Gc'r ~d~~a
ﬂﬃ! #"Oe $ 
 	 	" +9ﬀ*ﬂ  		


















































P Z[hi_ 2  __$Z

S Zbh`Z 2 __$_
   

P hK]nZ 	P _]`h

S hK]`_ 	XS _]i]
   
 P hK]`] 
XP _hi_





 P ZbZZ 
 _$hK]









S hihlZ  P ]`h`_

  hih`h  S Z[__

 hihi]   Z[_Z
 
 Z[_$h
QP _3]lZ  ]`h`Z
S _]`_  Z[_]
   
 P ]lZZ  P ]`__
:S ]lZ[_ fS ]`_$h







S ]i]lh 4P h`Z[h
 
_S h`ZbZ
P _$Z[h   h`Zb_
 S ZZ[h  h`Z^]
  ZZ^]
 
 _Z[_  Z[hih
 _$ZbZ
 




ﬂ ﬃ# !"i $  

































































































































ﬀxﬂ  	+ﬂ&	("  ' (ﬀK	   ﬀ" O ﬀ '	
" 	 

+j" 	 ﬀﬂ ﬀ

+Oﬀ]"    	
.



























































































































-,/. "#| $  
ﬀ#.+j"0&	
ﬀxﬂ  	+ﬂ&	("  ' (ﬀK	   ﬀ" O ﬀ '	
" 	 

+j" 	 ﬀﬂ ﬀ

+Oﬀ]"    	
.


















































































































-,/. "ÃU $  
ﬀ#.+j"0&	
ﬀ ﬂ  	Uﬂ&	" ' ﬀK	R  ﬀ"  ﬀ '	
" 	 

+j" 	 ﬀﬂ ﬀ

+Oﬀ "  	
.
















































































































-,/. "n $  
ﬀ#.+j" &	
ﬀ ﬂ  	ﬂ&	"  ']ﬀK	*+9"Z ﬂ%!sﬀ '	
" 	 

+j" 	 ﬀﬂ ﬀ

+Oﬀ]"   	
  	  	
+9"Zﬀ!O 	-ﬂ &ﬀ / "  +9"  ﬂ


















































































































-,/. "  $  
ﬀ#.+j" &	
ﬀ ﬂ  	ﬂ&	"  ']ﬀK	*+9"Z ﬂ%!sﬀ '	
" 	 

+j" 	 ﬀﬂ ﬀ

+Oﬀ]"   	
  	  	
+9"Zﬀ!O 	-ﬂ &ﬀ / " ++  +9"  ﬂ























































































































-,/. "l} $  
ﬀ#.+j" &	
ﬀ ﬂ  	ﬂ&	"  ']ﬀK	*+9"Z ﬂ%!sﬀ '	
" 	 

+j" 	 ﬀﬂ ﬀ

+Oﬀ]"   	
  	  	
+9"Zﬀ!O 	-ﬂ &ﬀ / " ++  +9"  ﬂ
	ﬀﬃ













































































































-,/. "Ú $  
ﬀ#.+j"0&	
ﬀRﬂ  	ﬂ&	"  ']ﬀK	 +9"Z ﬂ% ')ﬀ '	
" 	 

+j" 	 ﬀﬂ ﬀ

+Oﬀ "  	
  	  	
+9"Zﬀ!O 	-ﬂ &ﬀ / " )    +9"  ﬂ












































































+Oﬀ " 	KiO 	 ﬀﬂ ﬀ

+Oﬀ "   1	
  	  	 +9"Zﬀ  	ﬂ '&ﬀ / "   +9"Z ﬂ
	(ﬀ /]ﬂ   +j"




	Y*ﬁﬀ# '" ﬁ/i( 	 /  ) ('	












































































+Oﬀ " 	KiO 	 ﬀﬂ ﬀ

+Oﬀ "   1	
  	  	 +9"Zﬀ  	ﬂ '&ﬀ / ",++  +9"Z ﬂ
	(ﬀ /]ﬂ   +j"




	Y*ﬁﬀ# '" ﬁ/i( 	 /  ) ('	











































































-,/. "Û $ 
ﬀ " 	 




+Oﬀ " 	KiO 	 ﬀﬂ ﬀ

+Oﬀ "   1	
  	  	+9"Zﬀ  	-ﬂ &ﬀ /O ",++  +9"Z ﬂ
	(ﬀ 
	 	 	ﬀ 





































































ﬀ " 	 




+Oﬀ " 	KiO 	 ﬀﬂ ﬀ

+Oﬀ "  	
 O 	  	 +9"Zﬀ  	-ﬂ &ﬀ / " )    +9"Z ﬂ
	(ﬀ /]ﬂ   +j"




	Y*ﬁﬀ# '" ﬁ/i( 	 /  ) ('	




Unit e´ de recherche INRIA Lorraine, Technopoˆle de Nancy-Brabois, Campus scientifique,
615 rue du Jardin Botanique, BP 101, 54600 VILLERS L `ES NANCY
Unit e´ de recherche INRIA Rennes, Irisa, Campus universitaire de Beaulieu, 35042 RENNES Cedex
Unit e´ de recherche INRIA Rhoˆne-Alpes, 655, avenue de l’Europe, 38330 MONTBONNOT ST MARTIN
Unit e´ de recherche INRIA Rocquencourt, Domaine de Voluceau, Rocquencourt, BP 105, 78153 LE CHESNAY Cedex
Unit e´ de recherche INRIA Sophia-Antipolis, 2004 route des Lucioles, BP 93, 06902 SOPHIA-ANTIPOLIS Cedex
´Editeur
INRIA, Domaine de Voluceau, Rocquencourt, BP 105, 78153 LE CHESNAY Cedex (France)
  	


	  
ISSN 0249-6399
